The natural vegetation of Southern Brazil's coastal region includes grasslands formations that are poorly considered in conservation policy, due to the lack of knowledge about these systems. This study reports results from a regional-scale survey of coastal grasslands vegetation along a 536 km gradient on southern Brazil. We sampled 16 sites along the coastal plain with 15 plots (1 m²) per site. All sites were grazed by cattle. We estimated plant species cover, vegetation height, percentage of bare soil, litter and manure, and classified species according to their growth forms. We found 221 species, 14 of them exotic and two threatened. The prostate grasses: Axonopus aff. affinis, Paspalum notatum and P. pumilum were among the most important species. Prostrate graminoids species represented the most important vegetation cover, followed by cespitose grasses. Vegetation height, bare soil, litter and manure were similar among all areas, highlighting the homogeneity of sampling sites due to similar management. In comparison to other grasslands formations in Southern Brazil, the coastal grasslands presented rather low species richness. The presence of high values for bare soil at all sampling sites indicates the need to discuss management practices in the region, especially with regard to the intensity of livestock grazing.
INTRODUCTION
Coastal landscapes currently are among the most degraded environments in the world (UNEP 2006) . This degradation is related to the fact that most of the population worldwide lives close to the coastline and explores natural resources from coastal environments. This is also true for Brazil, where about 74 million people, or 40% of the population, live in coastal zones (Marroni and Asmus 2013) . The Brazilian shoreline extends 7500 km in length and encompasses very distinct environments. Throughout this region, conservation problems have been pointed out for a large diversity of ecosystems, such as saltmarshes (Isacch et al. 2006) , foredunes (Seeliger 2003) , wetlands (Diegues 1999) and Atlantic forest (Rigueira et al. 2013 ). However, little or no attention has been directed to the grassland landscapes. In the coastal plain of the state of Rio Grande do Sul, in the South of Brazil, about 5700 km² of grasslands remain, distributed in a strip of 622 km in length and 80 km in width along the coastline, equivalent to 13% of grasslands that are still present in the state (Cordeiro and Hasenack 2009).
As pointed out by Overbeck et al. (2013) , grasslands have not been considered a conservation priority in southern Brazil, despite losses in cover of more than 50%, high biodiversity (concerning plants and animals, see e.g. Boldrini 2009 and Bencke 2009 ) and important ecosystem services offered by them. The situation of costal grasslands is not different. The National Coastal Management Program (GERCO, acronym in Portuguese) is the principal political basis for protection of the coastal environments in Brazil (Marroni and Asmus 2013) . However, it is mostly focused on management of water resources such as lagoons, rivers and wetlands, especially those located in the northern part of Brazil, where most research is performed (Diegues 1999) . No policies for protecting coastal grasslands have been developed by GERCO or other agencies so far. Furthermore, the management guidelines in the conservation units that exist in the region (National Park of Lagoa do Peixe, State Park of Itapeva and Ecological Station Taim) focus mainly on wetlands, sand dunes and Restinga forest, and do not aim at preserving grasslands, and even less so on processes that shape and maintain them, e.g. cattle grazing (see also Pillar and Vélez 2010) . In fact, at the moment, the limited number of studies and the lack of data impede the evaluation of the conservation state of the costal grasslands.
Here we present results from a regional-scale survey of grassland fragments in the coastal plain of southern Brazil, providing for the first time a more comprehensive knowledge of this vegetation type in the coastal landscape. We explore vegetation structure and diversity of coastal grasslands, in terms of species richness, species composition and growth forms, also identifying exotic and threatened species. We aim to characterize the grassland formations in the region in a comprehensive way in addition to assessing whether floristic characteristics of the coastal grasslands reflect signs of degradation.
MATERIALS AND METHODS

study reGion
The survey was carried out on 16 sites distributed along a 536 km gradient along Brazil's southern coast (Fig. 1) , from latitude 28°S to 33°S. Potential sample sites were selected based on satellite imagery, with main criteria minimum size of grassland areas of 3 ha and presence of natural grassland (i.e. cultivated grasslands were not considered). Sites with high water levels in the soil (i.e., wetlands) were excluded after inspection in the field. Sites were selected as to represent four discrete subregions in southern Brazil (three in the state of Rio Grande do Sul and one in the southern Santa Catarina state), based on similarity of climatic conditions (Table I) . Climate in the region is classified as Cfa subtropical humid (Peel et al. 2007) . plots. Plant samples were collected for posterior taxonomic identification whenever necessary. Classification of species into families followed Stevens (2001), nomenclature of species follows Boyle et al. (2013) . In addition to estimation of species cover, we measured vegetation structural attributes: mean vegetation height, estimated cover of litter, manure and bare soil.
data analyses
Species richness of grasslands was explored using average species richness per site (in 15 plots), considering shared and exclusive species, and mean species richness per plot (1m²). For exploring general patterns of species composition we ran a principal coordinate analysis (PCoA), based on chord distance, using the matrix of species mean cover per site. Due to the high dominance of few species and high importance of bare soil, only species with relative cover higher than 1% were considered for the ordination analysis. Additionally, we tested for differences in species composition between subregions with a randomization test, using chord distance as resemblance measure. Subregions were also compared regarding the parameters: vegetation height, total vegetation cover, bare soil, litter and manure with the assistance of randomization tests, using Euclidian distance and 999 permutations. All analyses were performed using the software MULTIV (Pillar 1997).
Species were characterized according to their growth forms into: erect (cespitose) graminoid herb (EGH), prostrate graminoid herb (PGH), erect herb (ERH), prostrate herb (PTH), rosulate herb (ROH), herbaceous vine (VIH), woody vine or lianna (VIW), subshrub (SSH), shrub (SHR) and succulent leaf species (CRA).
For each subregion the most important species were recorded by calculating relative cover (RC), relative frequency (RF) and the importance value index (IVI), according to Mueller-Dombois and Ellenberg (1974) . We also identified naturalized or exotic species, according to the checklist of exotic species for the Pampa biome (Fonseca et al. 2013 ) and the list of Brazilian flora website (http://floradobrasil.jbrj.gov.br/). Extinction risk and vulnerability of the species was checked in the current Red List of Threatened Plant Species for the state (Rio Grande do Sul 2003).
RESULTS
A total of 221 taxa of vascular plants were identified to the species level, four individuals could only be identified to the genus or family level. Of the total 225 records, 23.5% belonged to Poaceae family, 20% to Asteraceae, 9.7% to Cyperaceae and 8.9% to Fabaceae family (Fig. 2) . Even though other families also presented high richness, most of the plant cover was formed by species from the Poaceae family. The relatively high absolute cover of Verbenaceae is partly the consequence of a specific situation at one of the TA sites. A complete list of species occurrence with indication of the five most important species (higher IVI), growth forms and endangerment status is presented in the supplementary material (Table SI , available only in the online version).
The highest species richness was found for the subregion NC, where we recorded 137 species. The other subregions presented similar richness values, with 113 species in SC and TA subregions, and 105 in MC.Most of the species were shared between one or more subregion (Fig. 3) . A total of 39 species (18% of total species number) were common to all subregions. Poaceae contributed most to this number, with 12 species, followed by Asteraceae and Cyperaceae, both with five species common to all subregions. Average species number per plot (1 m²) was 13.5, and the highest value was at site NC3 (22 species per plot), lowest mean value was at SC3 (7.9).
The first two axes of the PCoA (Fig. 4 ) together, explained 60% of the total variation. The first ordination axis, separated sites with high cover of Axonopus aff. affinis Chase and Andropogon lateralis Ness, to the left side, whereas areas with high coverage of Paspalum notatum Alain ex Flüggé and Paspalum pumilum Nees were separated to the right side. Along the second axis, sites with the presence of the exotic species Brachiaria brizantha (Hochst. ex A. Rich.) Stapf. and the ruderal species Phyla nodiflora (L.) Greene (in the positive portion) were separated from sites with the presence of the tussock species Sorghastrum setosum (Griseb.) Hitchc. and Andropogon selloanus Hack (in the negative portion).
The Poaceae species Axonopus aff. affinis was the most important species for the majority of the areas, representing almost half of total cover at MC sites. P. notatum also had an important role in species composition of the coastal grasslands, together with other species of the genus Paspalum, such as Paspalum arenarium Schrad., P. pumilum and Paspalum lepton Schult..
The subregions NC/MC differed from SC/ TA, resulting in two groups of sites, clearly separated along the first ordination axis (Fig. 4) . Sites belonging to the subregions NC and MC were situated close together in the ordination diagram, and thus did not present significant differences in species composition (ρ=0.2), which might be expected due to their geographical proximity. Nonetheless, the sites in the SC and TA subregions did not present significant difference in species composition either (ρ=0.09), despite their geographical distance.
The structural parameters of the coastal grassland vegetation were quite similar among areas (Table II) . Only two parameters were significantly different: mean vegetation cover was higher in the MC subregion, when compared to SC subregion, and litter cover was higher in the SC and TA subregions when compared to MC subregion.
Only two threatened species were recorded: Gomphrena perennis L., classified as vulnerable (VU), registered at five sites (NC1, SC1, SC4, LN1 and TA2); and the endangered (EN) species Laurembergia tetrandra (Schott ex Spreng.) Kanitz, occurring on the TA2 site.
We registered 14 exotic/naturalized species that together accounted for about 6% of total species cover for the entire survey. Among these were some species with invasive potential, such as Eragrostis plana Nees, Cynodon dactylon (L.) Pers. and B. brizantha. C. dactylon was extremely widespread especially in the southern areas (TA), occurring As to growth forms, the grasslands in all four subregions were dominated by prostrate graminoid herbs (Fig. 5) , which include the species A. aff. affinis, P. notatum, P. arenarium, P. pumilum and P. lepton. Erect or cespitose grasses (EGH) also played an important role in the communities, with high frequency especially of Eragrostis cataclasta Nicora, A. lateralis and S. setosum.
DISCUSSION
We sampled 16 areas of grassland vegetation along a latitudinal gradient of the South Brazilian coast, where we recorded 221 species distributed in 40 botanical families. The most important families were Poaceae, Asteraceae, Cyperaceae and Fabaceae, which corresponds to the general pattern of the South Brazilian grasslands, however, with higher occurrence of Cyperaceae. This is considered as characteristic for the coastal grasslands (Boldrini 2009) , in contrast to other regions in the state, where Fabaceae takes this position. Cyperaceae species have characteristics that favor their establishment in non-consolidated sandy soils, such as the presence of well-developed underground structures (Boldrini 2009 ). Furthermore, the species of the Cyperaceae family are known for establishing well in humid areas and act as weeds invaders of crops (Simpson et al. 2011) . These characteristics may facilitate their establishment and spread in coastal grasslands due to the high percentage of bare soil and abundance of wetlands in this region.
When compared to other grasslands formations of southern Brazil, the strikingly lower plant (Ferreira et al. 2010) , i.e. considerably higher numbers. The lower plant species richness of the coastal grasslands is likely related to the nature of the substrate (sand depositions, i.e. rather limiting conditions) and the relative uniformity of soils and climate along the entire gradient. Likely, the recent geological formation of the entire coastal region (Villwock and Tomazelli 1998), also contributes to the lower richness values. The region was colonized from adjacent regions, which explains ample distribution patterns of many species (most species were found in two or more subregions) and low endemism. Boldrini (2009) indicated only six endemic species in the coastal grasslands, while in the highlands grasslands, for example, the latest estimates account for 296 cases of endemism (Iganci et al. 2011 ). In comparison to previous studies conducted at single locations of the coastal plain, similar richness values as found herein per subregion (117 spp.) were those found by Garcia and Boldrini (2007) 138 spp. and Setubal (2009) 123 spp. Species with high potential for vegetative spread and a prostrate habitus, covered most of the sampling sites, such as the grasses Axonopus aff. affinis and Paspalum notatum. Those two species have already been mentioned as being representative of coastal grasslands, especially in drier areas (Boldrini et al. 2008, Ferreira and Setubal 2009) . Ischaemum minus and P. pumilum, were also found with high coverage in our survey. These species have been pointed out as important species in humid areas in the coastal grasslands (Garcia and Boldrini 2007) . Prostrate species generally have structures adequate for colonization of open soil, such as rhizome and stolons, and can cover this type of environment relatively easily.
The limiting availability of resources in the coastal environments provide conditions to which few species are well adapted (Crawford 2008) , and these well adapted species seem to be quite successful in colonizing such environments. Clonal spread, i.e. production of new individuals by the growing of new ramets, has been suggested as particularly advantageous in less favorable environments (Honnay and Bossuyt 2005) . Additionally, high cover of prostrate grasses is also a consequence of high levels of cattle grazing. These plants, characterized by rapid resource acquisition and fast substitution of leaves consumed by cattle, can be considered as indicative of high grazing pressure (Cruz et al. 2010) . At high grazing pressure, the dominance of grasses with this strategy leads to the relatively homogenous vegetation structure (Nabinger et al. 2009 ).
Overgrazing has been identified as a major cause of degradation in grasslands around the world (D'Odorico et al. 2013) . One of the signals that a grassland is suffering overgrazing is a sparse and short vegetation cover, due to constant and strong grazing activity, animal trampling, wallowing and grazing. In the sampled coastal grasslands, the percentage of bare soil accounted for more than 30% of total cover in some areas (mean values presented in Table II ). However, it is difficult to evaluate the problem of overgrazing in the studied coastal grasslands, as the exact stocking rate could not be estimated. The relatively little cover of manure in all sites (Table II) indicates that cattle grazing may not be the main source of high percentages of open soil, instead it seems to be a natural characteristic of the region in consequence of the sandy substrate.
The high proportion of bare soil facilitates the colonization by exotic and ruderal species. In the ordination analysis, the grouping of sites NC/MC and TA/SC is influenced by two sites from TA and SC subregions with conspicuously different floristic composition, with presence of exotic and ruderal species, such as B. brizantha and P. nodiflora. One LUCIANA S. MENEZES, SANDRA C. MüLLER and GERHARD E. OVERBECK of the sites in TA subregion (TA3) seems altered by past agricultural use, indicated by the high cover values of Phyla nodiflora (Verbenaceae), with about 20% of total vegetation cover. The total number of exotic species found in our study was rather low, and only Cynodon dactylon reached higher abundance level. Many of the exotic species deliberately introduced in the Pampa biome are for forage use (Fonseca et al. 2013 ). In our study, this is the case of Melinis minutiflora P.Beauv. and B. brizantha. Eragrostis plana is a Poaceae species that has high invasive capacity, can reach dominance and reduce local biodiversity as well as grassland productivity (Reis and Coelho 2000). In our survey, E. plana was found only at one site, but all the costal grasslands have been considered as vulnerable environment for the invasion of this species (Barbosa et al. 2013 ) which can be found along roadsides practically along the entire gradient, making monitoring of the possible spread of this exotic invasive species important.
A comparatively low plant species richness, a large percentage of bare soil, high dominance and high coverage of prostrate species are the most striking characteristics of the coastal grasslands on southern Brazil. In other formations of the Brazilian Campos, these features might be interpreted as a sign of degradation -for the coastal grasslands however, they seem typical, related to the limiting characteristics of marginal environments, as a consequence of the soil features of the region. However, we should keep in mind that the management of grassland, e.g. high cattle loads, as well as past agricultural use, can promote changes in grassland structure. In the case of two sites, in the SC and TA subregions, a legacy of degradation is evident by conspicuously different floristic characteristics of the vegetation, which might indicate low resilience of these grasslands to severe disturbances such as land use change.
From the data of our survey we can conclude that the remaining areas of coastal grassland vegetation, preserve their characteristic floristic composition and structure. Nonetheless, just as in other regions of the South Brazilian grasslands, it seems necessary to set more appropriate management goals for coastal grassland vegetation, e.g. lower stocking rates of cattle (Carvalho and Batello 2009). Preservation of the remaining fragments of this landscape, i.e. prevention of their transformation to other land use, thus, should be the core of a conservation strategy for grasslands in the South Brazilian coastal plain. A basis for this would be a zoning plan for different types of land use that could be developed in the course of the National Coastal Management Plan (Brazil 1988) .
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RESUMO
A vegetação natural da região costeira sul brasileira inclui formações campestres que são pouco consideradas nas políticas de conservação, devido a falta de conhecimento sobre estes ecossistemas. Esse estudo reporta resultados de um levantamento em escala regional da vegetação campestre costeira ao longo de um gradiente de 536 km no sul do Brasil. Amostramos 16 áreas ao longo da planície costeira com 15 parcelas (1m²) por área. Todas as áreas eram pastejadas por gado. Estimamos cobertura de espécies de plantas, altura da vegetação, porcentagem de solo descoberto, mantilho e esterco, e classificamos as espécies de acordo com suas formas de crescimento. Encontramos 221 espécies, 14 dessas exóticas e duas ameaçadas. As gramas prostradas: Axonopus aff. affinis, Paspalum notatum e P. pumilum estavam entre as espécies mais importantes. Espécies de gramíneas prostradas representaram a cobertura vegetal mais importante, seguidas por gramas cespitosas. Altura da vegetação, solo descoberto, mantilho e esterco foram similares entre todas as áreas, destacando a homogeneidade das áreas amostrais devido ao manejo similar. Em comparação com outras formações campestres no sul do Brasil, os campos costeiros apresentaram riqueza de espécies bastante baixa. A presença de altos valores de solo descoberto em todas as áreas amostrais indica a necessidade de discutir as práticas de manejo na região, especialmente no que diz respeito a intensidade de pastejo do gado.
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